standard of comparison, and it is proposed to begin this part of the paper by giving a short account of the clinical history of this patient. In the Appendix to the complete paper will be found the available clinical notes and post-mortem reports in the other cases, as well as an account of the general histological features and topographical distribution of the areas of sclerosis in Weigert-Pal sections.
Clinical History. L. W., aged 28, a kitchenmaid by occupation, was admitted to the late Dr. Alexander Bruce's wards on 4th April 1910, complaining of weakness in both legs, inability to walk, and tremors in both arms and legs, the duration of these symptoms being about two years.
History of Present Illness.?At the end of March 1908 the patient, who was then employed at one of the baths in Edinburgh, was reaching up to clean the wall with a long brush, when she stepped too far back and fell into the deep end of the bath. She was pulled out immediately, but was, of course, wet through to the skin. This gave her a great fright, and she screamed for about ten minutes. When she had quietened down, she had a hot bath, put on dry clothes, and went home. She said also that a menstrual period came on about two hours before she fell into the water; after this it completely stopped and did not return until a fortnight later. The above accident took place in the forenoon, and by the afternoon she felt so much better that she returned to her work. She continued at her work until the end of June, when one morning she found that both her legs had become swollen and tender, that she had shooting pains down her right leg, and that she had great trouble in rising out of bed. She sent for her doctor, who thought the symptoms were due to muscular rheumatism, and treated her accordingly. She was slightly feverish at this time and remained in bed for a week, and at the end of a fortnight returned to work. She noticed, however, that she did not seem to be able to walk so quickly as previously, that she was slightly lame, and that her right knee was stiff.
She worked steadily at the baths until March 1909, when she began to find her work too heavy, and she accordingly took an easier situation as kitchenmaid at a golf club-house. She succeeded so well at this that after a month she became waitress. After four months this post became too heavy for her, and she returned to her old post of kitchenmaid, but two months later had to give this up also, and has done no work since 12th November. Two months before admission her symptoms had become more marked. Both legs became very stiff, and she could only walk with the help of a stick. Her arms became shaky, and one of the reasons why she left the club-house was that if anyone gave her a sudden start her arms became very shaky, and once or twice she dropped a tray full of dishes. Although usually constipated, she was subject to sudden precipitate action of the bowels as well as to incontinence. Her friends had noticed that she had been getting very slow in her speech, and that sometimes she had difficulty in pronouncing words. The menstrual periods had been somewhat irregular, usually occurring too frequently, but lasting only a very short time. As these symptoms became progressively worse she was sent to the Koyal Infirmary, Edinburgh, to be examined by the late Dr. Alexander Bruce, who at once admitted her to his ward. Previous Illnesses.?Patient had always been remarkably healthy as a girl, and, with the exception of occasional " bilious headaches, can remember of no other illnesses.
Condition on Admission.?Her appearance was that of a strong, healthy girl with a good fresh colour. Smell and taste were normal.
-The pupils were circular and equal, and reacted both to light and to accommodation. The eyes were freely movable in all directions. Theie was slight lateral nystagmus on looking to the left and slight iotatoiy nystagmus on looking upwards. Both discs were normal. Sensation to touch, heat and cold, and pain was intact, and there was some tenderness on deep pressure of both calves.
The knee-jerks were both exaggerated, the left rather more than the right. Both Achilles jerks were also exaggerated, and Babinski's sign was positive on both sides. The abdominal and upper limb reflexes were all present and apparently normal. There was no wasting of any muscles. There was slight inco-ordination in the fingernose test with the right hand, but no intention tremor and no incoordination of the lower limbs.
The heart was not enlarged, the apex-beat not displaced, and the pulse was 70. There were no murmurs present, and the arteries were not thickened nor the blood-pressure raised.
The chest was well formed and the expansion good. Neither percussion nor auscultation revealed anything abnormal.
There was no enlargement of the liver or spleen. The stomach was not dilated, the digestion was good, but there was considerable constipation. The urine contained neither albumen, sugai, bile, nor pus, the specific gravity being 1017. She has occasional attacks of piecipitate micturition.
Progress.?She was put to bed and at first made good pi ogress, but on 25th May numbness in the left arm developed suddenly. On the 29th she felt deaf in the right ear, with dull buzzing sounds, and noticed that her right eye watered exceedingly. She complained of feeling her face squint on speaking. On examination a right facial paralysis was found. The right eyelid scarcely moved on attempting to close the eye. The electrical reactions on the affected side of the face were normal both to Faradism and to galvanic stimulation. On the 3rd of June she developed diplopia on looking to the right, and was found to have a paralysis of her right external rectus. The other movements of the right eye were normal, and the left eye was unaffected. The pupils were equal, rounded, and dilated, and reacted to light and to accommodation sharply. Five days later the tongue was seen to protrude to the left side, and slight difficulty in speech was observed, which was followed two days later by difficulty in swallowing. Dr. J. S. Fraser, who at this time examined the ears, reported that both vestibular apparatuses were functional, although possibly the activity of the right was slightly diminished. By the 8th of August the weakness in the legs had become very marked and they were painful on attempting any movement. Spasticity in the legs soon developed. On 14th August severe vomiting set in, which was scarcely affected by any treatment. On the evening of 15th August she complained of dimness in seeing, and next morning was found to be blind in both eyes. On examination the discs showed some pallor but no neuritis. Muscular wasting now developed and proceeded rapidly, especially in the legs. The face became more hollow and sunken, diarrhoea and vomiting set in, and a catheter had to be passed every eight hours. From now onwards she went rapidly downhill, sometimes slightly better and sometimes slightly worse. She had an extremely septicremic look, and died suddenly and unexpectedly on the morning of the 5th of September, after having passed a better night and had a little breakfast.
Post-mortem Report.
Brain.?No clots in superior sinus. Convolutions atrophied. Some general opacity of pia arachnoid. Fluid in subarachnoid space.
Cord.?Shows irregularly scattered areas of bluish-grey colour varying in size and shape. Cord as a whole is small. Similar areas in pons and medulla.
Macroscopically the cerebral and spinal meninges were in the main normal, but in places where the grey and greyish-blue areas in the cord reached the surface the pia over these areas appeared slightly opaque.
On section of the cord at various levels, numerous gelatinous grey areas were found, and also parts of a softer consistence with a whiter colour than the normal tissue of the cord. Sections of the medulla oblongata and pons indicated the same two types of areas, parts of the pons appearing so affected that there were only islands of normal tissue, and the floor and immediate neighbourhood of the 4th ventricle were also markedly involved. Numerous areas were found in the horizontal sections of the cerebral hemispheres at various The Histology of Disseminated Sclerosis 315 levels, not only in the basal ganglia and white matter, but also in the cortex and subcortical white matter. There was a well-marked periventricular sclerosis, especially of both the posterior horns of the lateral ventricle extending down into the descending horn on both sides. The ventricles were not dilated, and their surface was smooth but cloudy, and raised in slight ridges corresponding to the venous branches which are present underneath the ependyma, especially at the posterior and anterior horns of the lateral ventiicle. Ihese veins were distinctly outlined and surrounded by a zone of gelatinous tissue.
The size of the areas varied very considerably: in the cord it was impossible to define macroscopically, either on the surface or 011 section, any of the areas, as they seemed to run into one another. In the brain, however, isolated areas were the rule, though here also irregular areas of different size and form coalesced. 1 hose isolated in the white matter varied in diameter from 1 to 10 or 12 millimetres, and were mostly oval or circular. The largest were found in the immediate neighbourhood of the roof of the lateral ventricle, and gave the impression .of being upward extensions of the periventricular sclerosis of the roof.
In examining the microscopic findings it is important to recognise that different stages of the disease come under observation, and it would appear natural to differentiate acute, subacute, and chronic stages, for they are often enough found close together in one and the same case. The finding at the autopsy of patches at different stages in their evolution accords with the clinical history of the affection, which has usually progressed with remissions and relapses. It is, however, by 110 means univeisally admitted that the recent areas are transformed into those which would seem to represent a chronic process, in which all tiaces of inflammation have disappeared. If such chronic areas do not develop on the basis of the former, it must be acknowledged that there is a strong justification for looking upon them as a multiple gliosis, related to an anomaly of development, and upon the recent areas as an acquired form of sclerosis, whose oiigin lies piobably in toxi-infective conditions. This study, therefore, begins with a short description of these two types of areas; the one an old aiea, typical of the " sclerose en plaques " of the earlier writers; the other, a recent area, corresponding to those found in the so-called acute multiple sclerosis of recent writers.
(2) Structure of Different Types of Areas.
1. An Actual Sclerotic Area.?(a) In the Spinal Cord.?The histological picture of such an area, e.g. in the posterior columns, cut in the longitudinal direction of the nerve fibres, is a very simple one (Figs. 50 to 52). It consists almost entirely of newly-formed fibrils which are arranged parallel to the original course of the nerve fibres. In Weigert sections, counter-stained with picro-fuchsin, we recognise at once, under a low magnification, three of the outstanding characteristics of an old sclerotic area: the disappearance of the myelin sheath of the nerve fibre, the proliferation of the glia, and the alterations of the blood-vessels.
By means of a glia stain and a diffuse stain these changes are confirmed and their details revealed; by an axis cylinder stain the fourth histological characteristic is represented the persistence of numerous axis cylinders : and by the Marchi method it is seen that this old sclerotic area contains no degenerating nerve fibres nor granular cells containing the products of the degenerated myelin.
The shape of this area is brought out clearly by Weigert's stain as an elongated oval with its long diameter in the long axis of the cord. The continuity, therefore, of the nerve fibres is broken by this oval area, and the absence of the myelin at the sides is more or less sharply defined from the surrounding tissue, the margins forming more or less sinuous lines, but the limits of the area, on longitudinal section, are never straight or even curved outlines, for individual nerve fibres or bundles of such pass into the borders. The myelin sheath of these fibres stains irregularly and weakly, and the termination is usually broadly broken off, or it may be swollen or narrowed.
Numerous fine glia fibrils occur in regular, undulating lines parallel to and close to one another (Fig. 51 ). The neuroglia nuclei lie often in short rows or in groups, but more often, as in this area, isolated with the long diameter in the long axis of the fibrils, and, as a rule, quite independent of them. The number of the nuclei is smaller than in the normal tissue, but in structure and form they are slightly larger, clearer, and more oval. Between the glia fibrils and surrounded by them are found numerous axis cylinders, which are mostly thin and fine but thicker and more homogeneous in structure than the glia fibrils ( Fig. 51 ). They do not run in such regular lines, and frequently show as faint diffusely-stained bands. The impression is often given that in place of the myelin sheath there has been a substitution of glia fibrils, forming a glious sheath to the axis cylinder. Lapinsky has wrongly interpreted this process of substitution as a metamorphosis of the medullated sheath?a conception which accentuates the enveloping character of the glia fibril proliferation.
The blood-vessels stand out clearly in this sclerotic tissue. Those
The Histology of Disseminated Sclerosis 317 cut transversely show thickened, homogeneous, pink-stained walls, and on longitudinal section the numerous longitudinally-running small vessels ( Fig. 52 ) have a similar structure, with few cell elements even in their adventitia. The lumen of the smallest capillaries is often obliterated and that of the larger vessels narrowed. Weigert picrofuchsin sections show beautifully the arrangement and distribution of these smaller vessels and bring out the abundant vascular supply of the various tissues.
At the periphery of the area, especially at its upper and lower limits, diffuse stains bring out a zone where intensely-stained nuclei are in great abundance : these nuclei, in iron-hjematoxylin stain, are seen to occupy the spaces between the nerve fibres projecting into the sclerotic tissue, and their increase can be traced for a small distance among the fibres of the normal tissue on all sides. The glia fibril proliferation and thickening of the vessels are here also evident, and this zone can be looked upon as a zone of transition between normal and sclerotic tissue?a zone where the pathological changes giadually cease till normal tissue is reached.
When the glia proliferation has taken the simple course represented in the former paragraph, a transverse section of such an aie.i shows the glia fibrils as minute fine points which replace the normal glia meshes and the space originally occupied by the myelin sheath, and which more or less surround, as a ring, larger, more difluselv stained, and more homogeneous points?the axis cylinders.
The impression is received that here again the normal architecture of the tissue is preserved ; that the myelin sheaths have disappeared, and have been replaced by a fine close fibre formation; that the walls of the blood-vessels, even the small capillaries, ha\e thickened walls with few cell elements; that the axis cylinders have, at least to a considerable extent, been retained ; that there <ue present in the area or its periphery no indications of the degeneration of myelin (Marchi method), thus allowing it to be supposed that the process which caused the myelin destruction has come to a standstill, and, finally, that there fire evidences at the periphery of the area, in a nuclear proliferation and diminution in myelin fibres, of a process which has left these traces of a reaction to its further progress. These areas, just described, in longitudinal and tians\erse section, are typical of the sclerosis which is the essential substratum of the disease known as disseminated sclerosis. The}' show a compact glia fibril proliferation, apparently without spaces, for only here and there are there traces of the original glia meshes. The area of dense sclerosis is regularly surrounded by a peripheral transition zone, which interposes between it and the healthy tissue. 1 his transition zone shows very numerous nuclei of small and large glia cells, with more or less developed glia trabecular (b) In the Cerebral White Matter.?In comparing such an area with a similar one in the spinal cord, the first points to be noted are (1) that in the brain it is usual to get a more defined outline of the patch;
(2) that a central vessel cut transversel}7 or longitudinally is more frequently present; and (3) that the persisting axis cylinders are fewer and show more evident indications of a previous involvement. The affected area, in Weigert and Marchi sections, stands out much lighter in colour than the surrounding tissue, giving a negative picture, in marked contrast to the positive picture of the condensed and darker staining tissue in glia sections (Figs. 65, 66) .
If the sclerosis affects a portion of the brain substance in which the nerve fibres run normally in very varied directions, e.g. in a small defined area in the central white matter above the roof of the lateral ventricles, the resulting tissue is a very dense network in which the' original glia spaces are replaced by fine fibrils. These fibrils are very unequal in size; the larger form larger meshes into which the finer fibrils cut and make finer meshes, and the tissue becomes denser and denser till the meshes are inconceivably fine (Fig. 56 ). The size of the glia cells varies very much, but the body of the cell is in general round or slightly elongated, and may contain one or more nuclei but little protoplasm. Around the blood-vessels, even the capillaries, is a zone in which the fibril formation is even more dense; the fibrils rarely form a "corona ciliaris," but, rather, concentric layers of fibrils closely pressed together, with few nuclei, form an outer dense glia sheath to the vessel (Fig. 69 ). Such cerebral areas, therefore, also show that the change consists in demyelination ; a complete substitution of the spaces by fibrillar tissue, which in its arrangement forms simply a condensation of the original glia network; a thickening of the walls of the vessels originally present in the tissue ; and, finally, the formation of a narrow but dense nucleated peripheral zone, which forms the transition to normal tissue.
2. An " Early " Area.?(a) In the Spinal Cord (cf. Figs. 41, 53) .?The histological picture of such an area, e.g. in the posterior columns, with the nerve fibres cut transversely, is a very complicated one. Weigert sections show an irregular non-medullated area which has formed with the posterior median septum and its vessels as a centre. At the periphery, on all sides, isolated nerve fibres pass for a short distance into the area, and, under high power, it is seen that their myelin ring is very thin, or stains diffusely and shows evident signs of degeneration.
The tissue of this area, even in Weigert sections, is seen, notwithstanding the absence of myelin and the presence of changed vessels, not to correspond to the dense sclerotic fibrillar tissue seen in the former area described. The blood-vessels?arteries, veins, and capillaries?are all dilated and engorged with blood, and their walls, The Histology of Disseminated Sclerosis 319 instead of the homogeneous, thickened, structureless tissue, show in the intima and media little recognisable change from normal; but the adventitia has its lymphatic spaces dilated and filled with nucleated elements, and these same nucleated elements are scattered irregularly through the non-myelinated tissue, and in the blood-vessel walls of the transition zone.
The most characteristic features of this area are seen best with diffuse stains, which show the presence of a very large number of nucleated cell elements with a considerable amount of protoplasm. Most of these large cell elements correspond roughly to pathological ?examples of the proliferated spider cells of the normal tissue ( Fig. 53a ). From the protoplasm radiate in all directions very fine branching, protoplasmic processes, which break up into a fine network. Many of these cells are multi-nucleated, and vary greatly in shape and size from star-shaped forms to those with crescentic outline and bi-polar forms (Fig. 57 ). Their processes bear very frequently a very definite relationship to the vessel walls?a relationship which will be more fully emphasised when describing recent areas in the cerebral white matter (Figs. 5S to 60). Smaller and darker-stained nuclei, with little protoplasm and no processes, can also be found in considerable numbers. In the spaces formed by the large branching processes of these cells and in the adventitial spaces of the blood-vessels lie the second tissue elements characteristic of such an area. These are larger, rounded, nucleated cells, with a large amount of vacuolated protoplasm : they correspond to the phagocytic cell of the central nervous system, and their vacuolated appearance is derived from the solution of the fine degenerated myelin granules in the process of hardening. Nissl has given to these cells the name " Gitterzellen " from their morphological appearance, but they are more generally known as compound granular or fat-granular cells (" Fettkornchenzellen ") from their function of absorbing the products of the disintegration of the myelin. These ?cells lie not only in all the tissue interstices, surrounded by the branching processes of the glia cells, but in the lymphatic spaces of the adventitia of the blood-vessels?whither they have in all probability been drawn in from the tissue spaces by the suction influence of the lymph flow in the adventitial lymphatics. Round even the smallest capillaries these cells form a complete ring, and the area under low power assumes a very characteristic appearance. The presence of such large numbers of fat-granular cells gives to the blood-vessel walls an appearance of a cell-infiltration, for in the vessels larger than the capillaries they are present in several rows, often closely compressed.
In addition to these cell elements in the adventitia other nucleated elements add to the nuclear abundance of the vessel wall. The endothelium, especially of the capillaries, frequently shows evidence of a distinct proliferation, and in the adventitia are found dark-stained nuclei together with nuclei of a vesicular clearer character, both of which have probably arisen from the proliferation of the cells of the adventitia and the endothelial cells of its lymphatic spaces. Diffuse stains bring out, although feebly, one further tissue component?theaxis cylinders. These are no longer the sharply defined, homogeneous points of the dense sclerotic tissue, but a faintly-staining, almost unrecognisable, swollen structure, which is a lesser degree of the intense swelling of the axis cylinders seen in marked oedema of the cord. These swollen axis cylinders are usually found lying in the tissue meshes, with 110 trace, or only slight traces, of myelin around them, and often closely compressed between the fat-granular cells and the protoplasmic processes of the large glia cells. There is as yet almost no attempt at fibril formation on the part of these glia cells, although the processes at their lateral margin and terminations show a definitely darker staining.
It has been seen that Weigert sections show the almost complete absence of myelin in this area; that diffuse stains give (1) the characteristic appearance of the two cell elements?proliferated glia cells with numerous processes and the fat-granular cells ; (2) the numerous dilated blood-vessels; and (3) the persistence of numerous swollen axis cylinders and that glia stains give as yet no definite fibril formation. There remains now to be mentioned the appearance with Marchi-stained sections (Figs. 41, 42) . This is the most characteristic of all, and has' given to the areas the name of "fat-granule cell myelitis." Each of the large vacuolated cells in the tissue spaces and walls of the bloodvessels is found to be composed of a very large number of minute granules of a substance staining black with osmic acid. Most of these granules are quite round, but a few show irregular contours from compression. Granules are found also in the spaces between the cells. Under low power the area is thickly studded with these black granular cells, which also form concentric rings around the blood-vessels. No trace of normal myelinated fibres can be found within the area, but in the transition zone are recognised numerous fibres in all stages of degeneration. In this transition zone, in addition to numerous degenerating myelin fibres and vessels with rows of fat-granular cells in their walls, we find also a marked proliferation of the glia cells and protoplasmic processes, and a widening of the normal glia meshes, but the degeneration of the myelin has not advanced to the stage of complete disintegration and its absorption by cells. The glia meshes of the adjoining normally myelinated tissue are distinctly widened, the cells also enlarged, and the blood-vessels engorged and dilated.
Longitudinal sections (Figs. 47, 48) of such an area are very valuable in showing the changes in the nerve fibre as it passes into the area: the characteristic appearance of long rows of fat-granule cells, which seem to occupy the spaces left by the removal of the degenerat-The Histology of Disseminated Sclerosis 321 ing myelin of the nerve fibre, and also the longitudinal running vessels surrounded by elongated layers of similar cells (Fig. 43 ). Difluse stains show the large glia elements already referred to, lying often in rows with the nuclei of two adjoining cells lying close to one another, as if they had arisen from the division of one cell (Fig. 57 ). The long, branching, protoplasmic processes extend around, and almost envelop, the rows of fat-granule cells, and in some parts the direction of these processes is already becoming longitudinal (Fig. 48 ). Almost pushed aside between the rows of fat-granule cells and the large glia cells with their protoplasmic processes can be found faintly-stained, homogeneous, swollen bands, which represent axis cylinders (Fig. 48 ), and here and there are large numbers of rows of finei and larger granules staining with the same tone as the bands. These aie the remains of the disintegrated axis cylinders, which seem, aftet the stage of severe swelling, to become broken up into laige granule formation and gradually into finer granules before they ultimately disappear.
" Early " areas in the cerebral white matter show the changes in the cell elements at their most distinctive stage of development.
"Early" areas, therefore, consist largely of closely arranged fatgranule cells between which lie the large protoplasmic, proliferated glia elements; of dilated vessels, with fat-granule cells and other nucleated elements in their adventitial spaces; of maikedly altered persisting axis cylinders; and of a gradual transition zone in which these changes are less marked and in which degenerating myelin fibres may be found.
If now the old sclerotic areas are briefly contrasted with those which have been termed recent areas, it is found that the areas typical of the "sclerose en plaques" of Charcot are marked by the following histological characteristics : the complete absence of myelin (Weigert stain) ; the presence of a dense fibrillar tissue (glia stain); the persistence of numerous axis cylinders (silver impregnation method); the presence of numerous bloodvessels with condensed, sclerosed walls (diffuse stains), and the complete absence of any evidence of myelin degeneration (Marchi method); and, finally, a nucleated transition zone, which gives frequently an abrupt passage to noimal tissue. On the other hand, the recent areas, while presenting a striking contiast to the former, have also some of these characteristics, but in a lesser or different degree: the absence of myelin within the area, a very slight commencing glia fibril formation, but a veiy intensive glia cell proliferation; the persistence, to a much less extent, of axis cylinders and those persisting being maikedly altered; the presence of numerous dilated blood-vessels with nucleated elements in their adventitial spaces; the marked indications of a previous myelin degeneration in the presence of fat-granule cells which fill up all the interstices of the tissue and the adventitial lymph spaces of the blood-vessels; and, finally, a very gradual nucleated transition zone in which all these changes are less marked, but are combined with an evident degeneration of the myelin of the nerve fibres in this zone.
The question naturally arises: What relation do these two types of areas bear to one another ? The finding of both types side by side in the same case, and the clinical history?with its remissions and relapses?argue for a close connection between them.
Yet numerous writers, while not denying that the end result of the recent areas is a sclerotic tissue which bears a close agreement to the old sclerotic areas typical of the disease first designated by Charcot disseminated sclerosis, claim that true or primary disseminated sclerosis arises solely on the basis of areas of the first type, in whose evolution there is no stage corresponding to that of " fat-granular cell myelitis." Areas of sclerosis which pass through the stage of the second type must be designated as secondary sclerosis, and those areas arise on the basis of a disseminated myelitis.
The questions must then arise: What is the evolution of the first type? and what are the stages in the evolution of the so-called secondary sclerosis ? In the next section an endeavour will be made to trace their respective evolution. not close their lumen, is said at least to limit their expansion and diminish the blood-flow, and interfere with the circulation in the perivascular lymphatics. In this simple atrophy of the myelin sheath the degenerated products, owing to the slowness of the process, are removed just as formed, in the form of very fine granules or in solution, without requiring the presence of true granular cells. These cells are said to appear only when the process is more rapid : they may occur at the periphery of an area of true primary sclerosis, where the affected tissue causes a reaction in the normal tissue and an excentric spread of the process occurs.
Weigert sections of such an area show a complete absence of myelin in the fully sclerotic tissue, but, in the earlier stage, the myelin sheath appears thin and atrophic and is gradually lost. The axis cylinders, may be recognised for a long time apparently little altered in quantity or quality, but, later, they atrophy and finally disappear or fuse with the glia tissue. The blood-vessels present condensed walls with few cell elements. With glia stains the gradual thickening of the glia trabecule, and of the finest fibres forming the reticulum, can be followed up till the glia meshes are almost obliterated and the dense fibrillar felt-work takes their place. Simultaneous with the thickening of the glia trabecular and reticulum the glia nuclei in the nodes of the reticulum and within the trabeculse have enlarged and proliferated, becoming large protoplasmic cells with long ramifying processes which join the general glia reticulum. Such areas, from the slowness of the demyelination process, the absence of all or almost all signs of reaction except in the neuroglia tissue, and the usual absence of fat-granule cells, may be looked upon as evolving gradually to a complete sclerosis through an increasing glia hyperplasia.
B. Through a Stage of so-called " Fat-granule Cell Myelitis."? (a) In the Spinal Cord (cf. Figs. 47 to 52, and 53 to 56).?To trace the gradual changes by which the normal tissue is replaced by sclerotic tissue, it is convenient to refer to stages. These may be briefly described in the following terms which characterise their dominant feature :?
1. That of a commencing reaction of all the tissue components. 2. That of a glia cell proliferation and a commencing granule cell formation.
3. " Fat-granule cell myelitis." 4. That of a commencing glia fibril formation. 5. That of an advancing ; and 6. That of a complete sclerosis. Figs. 48 and 53 show the two outstanding features of the earlier process:?The development (1) of an enormous number of large glia cells with a wide zone of protoplasm and numerous branching processes. which quite mask the outline of the cell body, and (2) of rows of fatgranule cells which tend to occupy the position of the degenerated myelin tubes. Figs. 49 to 52 and 54 to 56 show (1) the gradually increasing fibril development at the expense of the glia cell protoplasm and processes; (2) the increasing diminution of the fat-granule cells in proportion to the increase in fibrils; (3) the presence of large numbers of axis cylinders in this fibrillar tissue; and (4) a gradual condensation of the walls of the blood-vessels.
The development of the large spider glia cells occurs pari passu with the development of the small glia nuclei, and long rows of hypertrophic cells of very varying shape may now be found, their long-branching processes passing in between the degenerating nerve fibres. The increase in the formation of fat-granule cells takes place in a veryclose relation to the number of the degenerating fibres, and soon the whole tissue is composed of these rows of the two cell elements, pushed aside amongst which may be found very swollen axis cylinders or granular remains of such.
The stage of "fat-granule cell myelitis" has now been reached, and the description of an " early " area applies to this area. The further evolution to an old sclerotic area consists in the further development of the fibrillar glia tissue, and here it is easily recognised how the fibril formation tends to take place in a longitudinal direction. When the tubular rows of fat-granular cells are fully formed, the glia cell processes twine around them and, when the fibril formation commences, the fibrils not only form between the rows, but pass in transversely or obliquely between groups of three, four, or more granule cells, thus forming interlacing bundles of fibrils. In the elongated meshes formed by this interlacing there would seem to be a gradual compression of the granule cells, for many seem to undergo a gradual breaking up in situ.
The nuclei become hyperchromatic and crenated, and the definition of the cell membrane is lost, till finally only nuclei are left with a few traces of vacuolated protoplasm around them. These nuclei remain long in these glia meshes, and add to the nuclear abundance of the areas at this time. With the gradual disappearance of the fat-granule cells the interlacing bundles of fibrils gradually become more parallel; the glia cell nuclei diminish in volume as their protoplasm is differentiated into fibres; the axis cylinders, which have survived the early swelling, are now more defined, though many are still swollen and weakly stained; and, finally, the numerous vessels in the fibrillar tissue, which up till now have had their sheaths widened and filled with cell elements, gradually undergo the regressive changes already described.
The stage of advancing and complete sclerosis is one which seems to occupy a long time. It is a gradual increase of the fibrils which seem able to become more abundant, possibly through fibrillation, even PLATE 1.
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, . after their emancipation from the cell protoplasm. It is undoubtedly the large, pathological spider cells that produce the fibrils, and then in great part the nuclei perish. To such a disappearance and degeneration is to be traced the comparative nuclear paucity of the old sclerotic areas.
Weigert sections of such an area, during its evolution, show the successive changes of diffuse swelling of the myelin sheath, gradual loss of staining, and, finally, a negative picture with at first numerous fragments and granules, retaining the hematoxylin stain, scattered throughout the tissue. Marchi sections (Fig. 43 ) and frozen sections, stained with Scharlach R., reveal very beautifully the gradual changes in a degenerating nerve fibre-the presence of fine granules and globules or small and large irregular particles. Those changes may take place in a portion of a nerve fibre which in its subsequent course stains normally and then again shows degenerative changes. ^ (b) Cerebral Area.?The changes which occur during the evolution of an area in the central white matter show no essential difference from those just described. The nerve fibres, instead of running parallel in one direction, here run in every possible direction. w en, in consequence of degeneration of the myelin sheath, or of bot mye in s eat and axis cylinder, their place is taken by a dense fibri ar tls^uc w ?1 more or less follows the varying directions of t e os .res' 0 resultant sclerosis may be described as an inextricab e tang e, in w lie i the finest meshes are invisible under low power. 4. Other Types of Areas.?So far the histological description has been confined to areas which may be looked upon as typical of a late and of a recent process respectively, and to the evolution of a sclerotic area.
As different stages occur in the same case, and as the process by no means always follows the same uniform course of development, it will be evident that the histological picture met with is a very varied one.
Yet, before a comprehensive view of the complete process can be obtained, it is necessary to add to this complicated picture a brief description of other areas?areas so frequently met with as to constitute types almost as distinct as those already taken of an old and a recent process.
(a) Areolar Areas.? These may be related simply to an arrest of the fibre formation before a dense sclerosis had taken place: the transition zone around old areas would seem to justify this explanation. Others must be traced in all probability simply to an acute and rapid degeneration of the nerve elements, with a distension of the original glia meshes, before fibril formation had occurred.
(b) Perivascular Sieve-like Areas. Non-myelinated areas are frequently found, especially in the brain, in which large open spaces are met with around all the vessels present within the affected areas.
The vessels thus affected lie together in groups and give the tissue a sieve-like character which, when advanced, has been termed I'etat crible.
The impression is received that it is the branches of one vessel stem that are concerned in this change.
(c) Shadow Sclerosis.?Extensive patches which show a weak staining of the myelin are frequently found between individual non-myelinated areas.
The fibre bundles are distinctly perceptible and yet scarcely stained. Such areas may involve the whole transverse section of the cord or the longitudinal section over several segments. Alzheimer looks upon this deficient staining as a condition of the myelin sheath antecedent to degeneration, and Marchi sections sometimes give a very extensive early degenerative process with which an equally extensive commencing glia proliferation may be associated. The process may, however, be looked upon as a slumbering one and indicate a simple atrophy which results in the progressive reduction of the volume of the sheath without affecting the remaining myelin.
It may finally be noted that in Marchi sections of the cord there was frequently found extending, outside the sclerosed area, uniformly over the whole transverse section an early myelin sheath degeneration. This could be noted even in the nerve roots, and must probably be traced to the septic fever from which the patient suffered.
(3) Histological Characteristics in Special Situations. 1. White Matter.?This has already been fully considered, as the areas described in the previous sections were all in the white matter of the brain and cord.
The Histology of Disseminated Sclerosis 327 2. Grey Matter.?(?) Central Grey Matter.?Where the sclerotic process affects the grey matter of the spinal cord and the corresponding nuclei of grey matter in the medulla oblongata and pons, we find that the changes in their evolution correspond very closely to those in white matter in which the nerve fibres form a reticulum.
The myelin network quickly disappears, and in its place we get a thickened glia reticulum with large meshes and numerous hypertrophied glia cells/ These spider cells, with relatively numerous processes, varying in length and thickness, give rise to a fibril formation analogous to that already described?the resulting meshwork being very close. The formation of fat-granule cells is always much less marked than in the white matter; their size is smaller and the structure of their granules more delicate. This corresponds to the lessened quantity of myelinated fibres in the grey matter, but the process of their formation, the absorption of the degenerated myelin, their presence m the g la meshes, and their gradual removal in the lymphatic spaces o t le vessels, is quite similar to that elsewhere.
It is frequently stated that sclerotic areas aie ne^er oun s0 e J n' the grey matter, but that these are always extensions from sclerosis of the white columns. In serial sections, however, it cou e picne that small sclerotic areas may be confined, throughout their whole longitudinal extent, to the grey matter. An affection o t e myem reticulum around and between one or other group o ce s ( lgs. and 33) has frequently been the sole trace of demyelination in many sections of the lumbar cord. A pericentral sclerosis (tigs. 30 to 66) limited at first entirely to the commissures, is often the starting-point of an extension into each anterior and lateral horn.
n ou e y, however, the affection of the anterior horn of grey matter of t e cor starts very frequently from the extension inwards of an area of sclerosis situated at the margin between white and giey matter. _ (b) Cortical Grey Matter (Figs. 37 to 40). tumorous minute demyelinated areas were found in all the layers of the cortex while large numbers passed over from the subcortical white matter into the cortical layers. Early writers asserted that the grey ma ei orme a barrier to the extension of the process, and numerous recent writers emphasise the complete absence of a glial sclerosis as tie essentia characteristic of a cortical area. The examination o very numeious areas has led to the conclusion that a glia fibril formation in t le ayeis of the cortex is proportionate in its development to the normal glia fibril content of the layers, and that a change in the glial cells and hue glia reticulum of the cortex is very closely related to the loss of its myelin fibre content.
-it ?
In considering the structure of a combined subcortical and cort.cal area it is sufficient to emphasise the changes related to the glia cell, glia fibril, and fat-granule cell development, for the myelin sheath and axis cylinder changes do not differ from those in other areas (Figs. 59 to 61). In the transition zone the deepest layer of the cortex is no longer recognisable: in the layer of the deep pyramids and Betz cells both glia cell proliferation and fat-granule cell formation are still very marked; from the granular layer upwards, however, the intensity of the cell reaction is much less. Nests of small round cells are found around nuclear remains of atrophic ganglion cells and around others, and around the capillaries is found a fine fat-granule cell formation in the satellite cells, together with a very delicate glia fibril formation. In the marginal zone there is again a marked glia cell and fibril formation.
If the evolution of such an area be followed, it is found that in the white matter and deepest layers the process often follows the lines one would expect from the presence of the large, protoplasmic, potential fibril-forming glia cells. This sclerosis extends to involve the deepest layer of the cortex. Above this, in the layer of deep pyramids and Betz cells, the glia cell nuclei are left as the nodal points from which radiate a glia fibril formation which is insufficient to cause sclerosis ? the fibrils, however, merge into a very delicate reticulum, which may be the syncytium claimed by Held to form the groundwork of the cortex.
In the superficial layers of the cortex the long, uniform delicate processes of the glia cells also unite with this reticulum, and in the surface layer the proliferated glia cells form fibrils which extend downwards?also to merge with the syncytial reticulum.
When an area is confined to the cortex, the changes are, as a rule, not nearly so marked, especially those in the deepest layers. The demyelination may reach from the surface of the convolution to varying depths, or it may lie wholly within the cortex and cut through a portion of the radiation, or simply affect Baillarger's stripe. The glia cells in the layer of the deep pj'ramids show a marked proliferation and fibril formation, which, however, is again insufficient to cause sclerosis. In the layer of stellate cells also there are the same changes with a more marked disappearance of the ganglion cell bodies, leaving only nuclei surrounded here and there by nests of cells.
3. Periventricular Sclerosis.?This, was the dominant feature in several of the cases. This special localisation is of great interest in relation to the pathogenesis of the disease, and led the late Dr. Bruce to raise the question of the toxicity of the cerebro-spinal fluid.
Horizontal sections through the hemispheres at various levels (Figs. 1, 2) showed that the occipital horn of the lateral ventricle was surrounded by a hood of changed tissue, macroscopically greyish-white and gelatinous or of a whitish-yellow colour and softer consistence. From the point of this hood the sclerosis is prolonged in a series of small elongated or rounded areas towards the posterior extremity of the occipital lobe, involving the optic radiations, the inferior longitudinal Thz Histology of Disseminated Sclerosis 329 fasciculus, and the tapetum at several points, and in some cases involving the medullary rays and cortex of the convolutions of the calcarine fissure. The sclerosis of the anterior horns is less marked, but is also prolonged in the direction of the frontal lobe, and laterally involves the lenticular nucleus and the cortico-pontine fibres. Between these two horns the thickness of the sclerotic tissue varies greatly at individual levels, and may show well-marked processes extending into the grey nuclei and adjoining white matter. The fornix and the corpus callosum, on the ventricular surface both of the splenium and genu, may also be involved.
Horizontal sections near the roof of the ventricle usually showed an involvement of the entire surface extent of the ventricular walls, with well-marked pouches passing inwards into the corpus callosum on the one side and the central white matter on the other and also passing upwards.
Sagittal sections through the temporo-sphenoidal lobe gave a very instructive picture of the extension outwards of the ring of periventricular sclerosis into each medullary ray and of the very frequent involvement of the white matter of the hippocampal convolution, of the fimbria, and of the gyrus dentatus.
Around the aqueduct of Sylvius and the floor of the fourth ventricle and its lateral angles (cf. Figs. 5 to 10), the degree of sclerosis is often very marked. The involvement of the cranial nuclei in this extension is described later.
The ventricles in most of the cases were not dilated; their walls also were smooth and presented neither granulations nor glandular indentations. The histological structure of these demyelinated areas need not be entered into in any detail. When the immediately subependymal tissue had reached the stage of dense sclerosis it presented an extremely close fibrillar web?the fibrils mostly parallel or oriented in all directions. Before the onset of this advanced sclerosis numerous dilated vessels twined amongst rarefied and elongated glia meshes.
4. Changes in Nerve Roots and Meninges.?(a) Optic Nerves {cf. Figs. 14 to 16).?The optic nerves, chiasma, and anterior portion of the tracts, investigated in seven of the cases, showed marked involvement; the chiasma was the site most frequently affected. In one case the optic tract on both sides was cut in celloidin sections from the chiasma to the corpora geniculata interna, and both showed a very characteristic discontinuous degeneration; the degeneration in the chiasma passed into both optic tracts and then ceased, to begin again at a point midway in its course.
In a second case completely gelatinous and demyelinated optic chiasma and nerves showed an almost complete preservation of the axis cylinder. The histological characteristics are related to the presence of both glia and connective tissue interstitial elements, for both are affected; in the advancing sclerosis the glia fibril formation is almost masked by the great connective tissue increase, which the very numerous blood-vessels of the septa had shared. Sclerotic areas in these regions are amongst the most constant appearances in disseminated sclerosis, and may be related to the early eye changes found clinically.
(b) Cranial and Spinal Nerve Roots.?Numerous lesions were found in the glious portion of the nerve roots (Fig. 18a) ; the extent of this demyelination and neuroglial involvement varied greatly, and it was looked upon as proportionate in extent and form to the varying degree in which the glia normally passes into the nerve roots.
(c) Changes in the Meninges.?The cerebral and spinal meninges were found almost normal in uncomplicated cases; meningeal changes when present were diffuse and in no way confined to the meninges overlying areas of sclerosis. Borst, in four cases examined by him, found adhesions and thickenings; the significance ascribed by him to these changes is of great importance, in relation to the pathogenesis of the disease.
(4) Changes in the Individual Tissue Elements.
1. Nerve Fibres.?(a) Mednllated Sheath.?The change in the myelin sheath must be looked upon as the most constant, the most uniform, and in many cases the primary one. In the actual sclerotic areas the medullated sheath had entirely perished, but in recent areas and at the advancing peripheral zone of older areas the changes present themselves in very various forms according to the stages of the degenerative process, and according to its greater or lesser intensity.
In longitudinal sections of the cord it may be seen that the degeneration may affect the nerve fibres " discontinuously." This is specially easily recognised in Marchi sections, counter-stained with safranin, in which the retained axis cylinder is seen surrounded by a pink-stained zone, which becomes gradually interrupted by a portion of the fibre in which granular disintegration has commenced. The axis cylinder within this affected portion may be swollen and homogeneous, but can be recognised till a late stage of the degeneration. Thus this form of degeneration can be distinguished from secondary degeneration by its limitation, by its late affection of the axis cylinder, and finally, by the character of its disintegration into granules and globules instead of at once into coarse balls and fragments which fill the whole myelin sheath.
The fat-granule cells, which are found in such large numbers, could only in rare instances be found to contain large fragments of myelin. It seemed rather as if a gradual absorption of dissolved substances had taken place, and that these within the cell had become transformed into fine fat-like granules.
(b) Axis Cylinder.?The comparative persistence of the axis cylinders in the sclerotic area has long been regarded as one of the essential characteristics of disseminated sclerosis.
Charcot himself, from the apparent disproportion between the symptoms and the anatomical lesions, argued for their persistence. The earlier observers undoubtedly, with diffuse stains, frequently mistook the longitudinal glia fibrils, which run parallel to the degenerated nerve fibres, for true axis cylinders, yet modern specific staining methods have proved that Charcot's conception was justified. Yet this persistence is only a relative one, and attention has already been drawn to the numerous alterations which axis cylinders undergo. The most frequent change is that of a slight homogeneous swelling, and this may be found even in old sclerotic areas, in which, as a rule, the axis cylinder becomes attenuated, and with diffuse stains is only with difficulty distinguished from the coarser fibrils. The changes in the axis cylinders are much more easily recognised in longitudinal sections of the nerve fibres. In early areas degenerative changes set in with a moniliform appearance, which may later take the form of spindle-like enlargements of various size, and these may finally lead to disintegration, with the formation of homogeneous clumps and granules. This qualitative change may affect a large number of the axis cylinders in an affected area, or most of the fibres may show spindle-shaped swelling and only a few go 011 to the stage of disintegration. It is probable that the fibres which survive the swelling may persist into the stage of sclerosis as homogeneous condensed elements which, as the sclerosis becomes denser, are compressed into thin, even spiral threads.
The first effect of the " toxine " may thus be a lecitholysis; when this is carried further or is more intense there is a marked axolysis with the formation of fine granules. But a change short of this?the demvelination and the swelling of the axis cylinder, which is an indication of its sensitiveness and a proof of it sharing in the changes in the myelin sheath?may be present.
2. Nerve Cells.?The relative resistance ascribed to the axis cylinders must also be extended to the nerve cells, both in the cord and brain.
The ganglion cells in the glia reticulum seem to remain long preserved, and in this investigation changes which could be distinctly traced to the sclerotic process were found only when an advanced degree of sclerosis had been reached. The cells undoubtedly remain long with their normal form and minute structure preserved. The processes first lose their structure and, as the sclerosis becomes denser, the cell bodies share in this change. In the later stages they show all the possible changes which are traceable to a slow simple atrophy from loss of function (Fig. 64 ) or from compression on the part of the developing cells and fibrils of the interstitial tissue. Diffusely extensive changes in the ganglion cells should probably be referred to somatic general disturbances which accompany the disease, e.g. the fever, ana)mia, exhaustion, or direct septic absorption from bed-sores or a pyelitis, and can thus not be looked upon as specific to disseminated sclerosis. In numerous affected segments which microscopically showed complete demyelination many of the ganglion cells showed no changes completely normal cells being found alongside those with marked chromatolysis or atrophy.
As the glia reticulum becomes denser and encroaches more and more on the ganglion cell processes and cell body there takes place a gradual atrophy of the cell. For a long time an atrophic, rounded, or oval cell, with no processes and no chromatophile granules and usually without nucleus, may be recognised. But gradually this faintly or diffusely staining body can no longer be recognised as a cell, and this dense tissue consists of the deeply-staining glia nuclei and the abundant delicate fibrils.
The cells in the different cranial nuclei undergo changes which are closely analogous to those described above.
The cells in the cortex, in a demyelineated area, when involved, are much more uniformly so than those of the cord. The large pyramidal cells are never normal (Fig. 62 ), but show chromatolysis and have their dendrites thickened, or weakly stained, or absent, and the cell contour is rounded or pear-shaped. These changes involve not only the demyelinated area but also the adjoining stretches of the cortex to a varying extent. But the most characteristic appearance in a cortical area, and that which enables it, under low power, to be readily recognised, is the nuclear increase around the ganglion cells. The majority of the ganglion cells, in the lower layers of the cortex and in the layer of the large pyramids, are surrounded by small nests of cells (Fig. 61 ), from five to ten in number. These with diffuse stains have a small deeply-staining nucleus with little protoplasm, and cause, according to their number and arrangement, more or less deformity and atrophy of the ganglion cell, but I have never seen the penetration of such cells into the ganglion cell body. They have probably arisen from the pre-existing satellite cells, and their proliferation is taken as an indication of the inter-relation between ganglion cell and its satellite cells. Marinesco thinks that in health the former secrete substances which exercise a controlling influence on the size and development of the latter : if any noxious or toxic agent affects the former, this controlling secretion is diminished in quantity and quality, and the neuroglia cells react accordingly by increasing in size and numbers. This change is again not limited to the demyelinated areas, but passes over to the adjoining stretches of the cortex.
Comparatively little change was found in the cells of the posterior root ganglia. Those that were present indicated a general reaction, probably in no way related to the sclerotic process in the cord.
3. Neuroglia.?The changes in the neuroglia represent, in the opinion of numerous observers, the dominant and essential histological feature of disseminated sclerosis.
Whilst the changes in the nerve fibres show little variation in the individual cases, the glia components show wide differences. In an early area we have seen that the most important and characteristic finding is the enormous number of large cell elements which, in their further evolution, are transformed into glia fibrils and glia nuclei. In an actual sclerotic area we have a dense glia fibril mass, apparently without spaces. The histological characters of the glia, therefore, depend on the length and the intensity of the process.
In the final result the name "sclerosis is justified by the amount of neuroglia present in the areas, and Weigert has stated that the glia hyperplasia is greater here than in any other form of sclerosis. The neuroglia, though not from a histogenetic, yet from a morphological and biological standpoint, may be looked upon as a true fibrous ?connective tissue. It is thus of great significance that the glia begins to proliferate when component parts of the specific nervous tissue ate destroyed, even where any stimulus capable of causing piimaiy pioliferation is absent.
The classical example of this is the secondary ?degeneration of the white substance, where the secondary glia proliferation sets in probably as a reaction to the irritation caused by the products of degeneration. At the same time it may happen that one and the same "noxa" destroys the specific nerve tissue, and in an equally primary manner causes the glia to proliferate. Again, it is possible that we may have isolated primary proliferative processes in the glia?which in their turn cause secondary degeneration of nerve ?cells and fibres. Storch has pointed out that in chronic diseases, in which the plan of the nerve tissue remains unchanged, the newlyformed glia fibrils show exactly the same arrangement as the original fibres, whereas in cases of acute destruction of tissue this regularity does not hold good. He, therefore, distinguishes between an isomorphous and a reparatory sclerosis. The glia proliferation may, theiefore, be merely a substitution process, or an inflammatory process, or, more rarely, a primary glia proliferation.
It is impossible to discuss here the question of the spatial relation of the glia fibres to the glia cell protoplasm, or to indicate the^ stages in the elaboration of the glia fibrils (cf. Figs. 58 to 60 ). Glia cells that have produced fibrils undergo slow and gradually regressive ?changes; almost the whole of the protoplasm seems used up and shrivels into an irregular border around the deeply-staining nucleus.
In later stages, too, the nuclei may disappeai, and thus account for the comparatively few nuclei found as a rule in actual sclerotic areas.
In addition to fibril formation the glia cells share in the function of phagocytosis, for one portion of the proliferated glia cells, both in the white and grey matter, probably forms the first fat-granule cells.
The increasing zone of protoplasm around the nucleus becomes gradually laden with granules which often outline the cell body and its processes?at first spindle-shaped, then star-shaped, and gradually becoming rounder till the cells are set free in the glia reticulum. These glious fat-granule cells have a lattice or " gitter " structure in their protoplasm, in preparations in which the fat-granules have been dissolved out.
4. Blood-vessels; Lymphatics; Cell Elements in Vessel Walls.? (a) Blood-vessels.?The disposition of the areas in relation to the blood-vessels has led to the supposition that these play an important role in the genesis of the areas. This topographical relation i& frequently obvious even microscopically, especially in areas in the cerebral white matter, and numerous illustrations point to its microscopic proof. This dependence on the vessels is brought to light only where the areas are isolated ; in later stages, through coalescence, the original relationship is no longer recognisable. A parallelism between the sclerosis and the area of distribution of a vessel would argue that the development of the process depends upon the condition of the vessel or of the " noxa" circulating within it. To the alterations in the vessel walls in sclerotic areas numerous writers have, therefore, ascribed an essential significance, while others have regarded them asaccessory and subordinate. Variations in the findings may be explained by the different stages in the development of the sclerotic process, and probably none of the histological changes have been so variously interpreted as those related to the vessels.
The sequence of the changes in the blood-vessels seems to me tobe the following: at an early stage the blood-vessels in an involved area become dilated and engorged with blood. It is not a question so much of one central vessel as of all the branches of one small vessel, and even the finest capillaries are recognised; the vessels are in no way altered, and have no nuclear increase either in the intima or adventitia.
At the stage of abundant fat-granule cell formation, when these cell elements are passing into the lymph spaces of the adventitia, every vessel in the affected zone is mapped out by a ring or rings of such cells. The smallest capillaries show a single row of cells, often with an outer limiting membrane. If such an area, with fat-granule cells crowding the vessel sheaths and tissue spaces, be looked at with low power, the impression is given of a softened area with cellinfiltrated walls. The possibility that areas at such a stage of development have been taken as illustrating cell-infiltrated areas may explain the great significance that has been ascribed to the vessels and to the inflammatory character of the process. This is still more evident at a slightly later stage, when there is a proliferative reaction of the cell elements of the adventitia to the presence of these fat-granule cells in the lymphatic spaces. As the resorption processes advance there is a gradual removal of the fat-granule-cell element in the adventitial spaces, but the cell body of many of these cells has gradually disappeared in situ, leaving a deeply stained, crenated nucleus, and during this stage we get a further nuclear element added to the nuclear increase in the vessel wall?this is the small, round, lymphocyte-like cell common to all chronic processes. 1 hese, with the elements distinctly recognisable cis proliferated from the endothelium of the adventitial spaces and from the adventitial connective-tissue cells, together with a few remaining fat-granule cells or their nuclei, form the cellular content of the vessel walls at this stage. As the sclerosis advances the dissociated fibres of the adventitia gradually come together, and proportionate to this is a gradual diminution in the contained cell elements. At a still later stage the sclerosis affects all the paits of the vessel wall, and the dissociated fibrils form a fused, homogeneous, almost hyaline, layer. As the vessel becomes hyaline the elastica becomes broken up and lost, so that nothing can be recognised of specific muscle, connective tissue, or elastic elements.
In the majority of the sclerotic areas all the vessels are condensed ?arteries, veins, and capillaries?and it is not possible to iaw any distinction between arteries and veins, arterioles and venules. Similar condensation of the vessels is found in all chronic scleiotic con ltions in the nervous tissues, and Lugaro has pointed out that t lis is in keeping with the small claims of their nutritive function, ot tie sclerotic tissue requires less nourishing material.
(b) Lymphatics.?The increasing recognition of the importance of the lymphatic circulation in the central nervous system las e to numerous researches upon the precise nature of the ymp pat is an the direction of the flow of the lymph within them. It cannot be said, however, that any exact knowledge 011 either of these points has yet been revealed. The present section of this paper is confined to the indications of changes in the lymphatic vessel system 111 disseminated sclerosis. The lymph apparatus shares 111 t e c ,anses in the blood-vessels, and Borst has strongly urged the view that a disturbance in the lymphatic circulation is the essential factor 111 the process underlying disseminated sclerosis. He points out t at the factors which bring about this disturbed circulation are alterations in the vessel walls and in the meninges. Even slight affections of the former involve changes in the transudation of the lymph and lead to pathological exudations, and even slight adhesion of the pia to the marginal glia zone would involve occlusion of the epispinal or epicerebral spaces, an occlusion which would be extended to the perivascular spaces at the periphery, and therefore cause a hindrance to the outflow of the lymph by these channels. In two recent papers the late Dr. Bruce and I indicated our agreement with Nissls contention that the adventitial lymph spaces of the blood-vessels, which open into the spaces of the inner layers of the pia, are the only true lymph spaces of the central nervous system. It has seemed, therefore, that this assumption of epispinal, epicerebral, and perivascular spaces is an error which invalidates greatly Borst's views, and causes him to overestimate the part played by these adhesive changes. The fundamental importance of an increased transudation of toxic lymph cannot be overestimated, but the evidence of a hyperlymphosis is not by any means clear except in isolated cases, and its explanation when present cannot always be traced to be secondary to a closure of adventitial spaces.
In the course of this study attention has been directed to the fact that the adventitial lymph spaces showed in the early stages only a slight decree of dilatation; that, later, they were distended by the presence of fat-granule cells and remained dilated and filled with cell elements of various kinds till a late stage of sclerosis, when they were closed in the general condensation of the vessel wall. There was no question, therefore, of a primary proliferation such as might be induced by a toxic lymph flowing in them.
Very numerous perivascular sieve-like areas were found, but these were frequently related to normally myelinated tissue. There were also found indications of a lymph congestion which extended over the whole transverse section of the cord and which found expression in dilated adventitial lymph spaces, distended glia meshes, and a swelling of the contained myelin sheath and axis cylinder. In uncomplicated cases only occasional and insignificant variations in the soft meninges were present, yet it must be admitted that changes, if minute, might readily escape observation.
(c) Cell Elements in the Vessel IValls.?The statement is frequently made that infiltrations are met with in recent areas, and such cell infiltrations of the adventitial sheath are considered characteristic of the inflammatory process in the nervous tissue. In numerous references to the cell elements of the adventitia an endeavour has been made to show that the first cell infiltration is one associated with resorption processes; that this is followed by a cell proliferation in the adventitia, which is probably a secondary reaction process to the presence of the first cells in the lymph spaces; and that, finally, we have a more or less marked degree of cell infiltration which is characteristic of a chronic inflammatory process in any tissue.
(5) Other Histological Features.
1. Form and Symmetry.
Rossolimo first drew attention to the dependence of the sclerosed areas upon the topographical distribution of the blood-vessels. As the causal agent spreads itself by the bloodvessel or by the lymph channels accompanying the vessels, it was asserted that the areas assume certain well-defined forms. These basal forms?
wedge-shaped and round or oval?are in agreement with Kadyi's experimental observations on the arterial distribution in the cord; the lateral vessel passes transversely into the cord substance and its first branches are given off transversely, but the transitional vessels run upwards and downwards in the long axis of the cord. The area of distribution, therefore, of the transverse branches is wedge-shaped and that of the perpendicular branches is an elongated oval. Such vessels have been looked upon as end-arteries, but there is no doubt that there is a considerable amount of overlapping. The blood-supply likewise of the groups of ganglion cells is not from one individual branch of the commissural vessels but from several?the sulco-commissural arteries form in the substance of the horn a rich and intimate network which holds the cell groups enweaved in its meshes. In the course of this study several small areas have been followed up serially throughout their whole extent, and I have come to the conviction that the changes appear within, but do not coincide with, the area of distribution of an artery, and that it must be extremely difficult to determine the territory of an artery.
In the cord the prevailing form of subpial areas is wedge-shaped, but when a large portion of the peripheral part of the cord is affected, perhaps through fusion of contiguous lateral areas, the definition is irregular. Within the white substance of the cord the areas are frequently round or oval, with the long diameter in frontal or sagittal section. Isolated areas may occur in the grey matter, especially of the anterior horns, and such areas may involve one group of nerve cells or may map out the whole of one horn as a demyelinated area; the most frequent involvement, however, is a pericentral sclerosis, which may be very marked at almost every level of the cord. The longitudinal extent of areas within the white matter is very various and sometimes reaches over several segments. In the brain stem the same two primary forms are present with numerous variations. The cranial nuclei shared in the general extension from the floor of the fourth ventricle; this extension passed laterally from the angles of the ventricle inwards to involve the structures which at various levels are found in this region.
The lateral extension to the roof of the fourth ventricle involved the white matter of the cerebellum, the hilum of the dentate nucleus, the nuclei of the roof and often the whole of the folite forming the vermis and nodules (rf. Figs. 5-10 ).
In the medullary rays of the convolutions numerous submiliary foci were present, with the long diameter usually parallel to the course of the nerve fibres.
In the cerebral cortex the variation in the form of the areas is even more marked than elsewhere. These may be grouped into three divisions, according to whether the demyelination (1) spreads from white matter into grey and is arrested within the radiations of the nerve fibres, or (2) is wholly within the radiations of the nerve fibres, or (3) is subpial. The close disposition of the numerous areas in certain convolutions gave place often to a coalescence, with a complete demyelination of cortical tissue, extending over the whole of one convolution and sometimes round the cups of the adjoining convolutions.
The lesions are distributed over the whole central nervous system, and, as they do not coincide with the area of distribution of a vessel, their form can only in a modified way be related to the two basal types. Sites of predilection are probably associated with the terminal ramifications of end-arteries, the points where vessels break up, and with areas where much glia is normally present. The frequent marked symmetry of the areas may also be related to these circumstances.
2. Secondary Degeneration.?The absence of secondary degeneration has been till recently accepted as one of the cardinal characteristics of the histological picture. Charcot related this feature to the preservation of the axis cylinders in the sclerotic tissue, and it has been shown that complete demyelination of the nerve fibres at a circumscribed level occasions no secondary degeneration even in the myelin sheath, and that this follows only a considerable alteration of the axis cylinder itself.
The question of secondary degeneration is one not easily decided. It is probably at first confined to individual fibres, and, later, the difficulty of recognising it in cases where several islets of sclerotic tissue are present is increased by numerous factors, such as the presence of the diffuse changes which unite sclerotic areas or the presence of more acute processes arising in the affected columns. It may be noted that numerous and only microscopically evident areas may be found in the course of one and the same conducting tract.
3. General Features and Distribution of Areas in Case I.?The number of areas was very large and their distribution throughout the central nervous system was very extensive. The parts most involved were the cervical enlargement of the spinal cord, the medulla oblongata and the pons, and the periventricular tissue. The distribution of the areas in relation to the floor and walls of the fourth ventricle and to the hilum of the dentate nucleus, together with the prominent involvement of numerous foliae in the cerebellum of both flocculi and of the peduncles (cf. Figs. 5,6) was very striking. Both optic nerves were extensively demyelinated and nearly all the cranial nerve roots entered into sclerotic tissue. The nuclei of the sixth nerve, the cochlear nuclei, and the nuclei of Bechterew and Deiters were all involved. The posterior horns of the lateral ventricles were surrounded by large irregular areas of sclerosis, which extended at several points through the white matter to the surface of the brain. This was well marked on the inner side of both posterior horns where the sclerosis cuts across the tapetum, the inferior longitudinal bundle, and the splenium, and reaches the surface at The Histology of Disseminated Sclerosis 339 the parietooccipital fissure. On the right side this area was continuous with another which extended from the angle of the ventricle to the foot of the calcarine fissure.
Numerous small areas were present in the basal ganglia (r.j. Figs. 1, 2) . The most striking histological feature was that almost every area showed evidence of an advancing process; the impression left was that the primary affection had never died down, but had gradually extended peripherally while the central sclerosis had also extended excentrically (cf. Figs. 41, 45 ).
(6) Note on tiie Pathological Physiology. There is no disease of the nervous system in which the symptoms may be more varied, in origin and in succession, than in disseminated sclerosis, a fact which can be well understood when one considers the wide range and irregular distribution of the areas of scleiosis. ihese, as we have seen, may occur in almost any part of the neivous s) stem, producing peculiar symptoms and combinations of symptoms, which may be of short duration and are usually followed by peiiods of remission, after which a new series of symptoms may appeal.
Once definitely established the disease is almost invariably fatal.
The great variation in the nervous symptoms has lesulted in a tendency, on the one hand, for any disease of nervous oiigin of which the symptoms are unusual or difficult to interpret to be classified as "disseminated sclerosis," while, on the other hand, the way in which the symptoms of a case of true disseminated sclerosis may simulate other nervous diseases has often led to errors in diagnosis. On account of the long duration of the disease in most cases, and the unsatisfactory results of treatment, patients are not kept in hospital for long periods of time, and thus the number of cases which come to autopsy is not laige.
The earliest symptoms of the disease are extremely \aiiable, and depend solely upon the particular part of the neivous system affected by a patch. There is, however, a tendency for these patches to occur more frequently in certain regions, and thus certain clinical symptoms appear more commonly than others, and as a result are considered more or less pathognomonic of this condition.
Of these symptoms one of the commonest is weakness of the legs. This is met with in a very large numbei of cases, and is associated in most with involvement of the spinal cord. It usually is progressive, and a spastic paraplegia develops. It is often accompanied by a number of more or less well-defined sensory changes. Such symptoms may result from one or more patches in the cervical or dorsal regions of the cord, involving the descending motor and adjacent sensory fibres. If the area involved be still lower, in the sacral region, then the only symptom may be a sphincter involvement. These spinal symptoms may be the only ones present, or they may be accompanied or followed by others due to involvement of the higher centres. Of these, the principal ones most commonly found are nystagmus, alteration in speech, and volitional tremor. These are largely due to want of co-ordination, and are the result of sclerosis spreading in from the ventricles.
The eye symptoms are of special importance, and are very often the first sign of the disease. They often disappear quickly or may ultimately proceed to total blindness. They are the result of patches in different places in the optic path, the optic radiations as they pass near the descending horn of the lateral ventricle being commonly involved in the periventricular sclerosis. The later and more serious symptoms, however, result from involvement of the more peripheral part of the optic path, namely, the optic tracts and chiasma.
The affection of the eye muscles occurs so frequently from the close relationship of the structures innervating them to the ventricular spaces, the peri-aqueductal sclerosis found in the mid-brain involving the third nucleus in many cases. The nucleus of Deiters and other vestibular nuclei situated at the angles of the fourth ventricle are also specially liable to involvement, and there is no doubt that it is the proximity of these structures to the ventricles which accounts for their frequent involvement and the special diagnostic importance of nystagmus and visual symptoms.
The " volitional " tremor and scanning speech are also symptoms of the very greatest importance. They are both the result of defects of co-ordination.
The tremor occurs only on voluntary movement, and is absent during rest. In attempting to carry out any movement the arm jerks about in an irregular manner, the tremor becoming quicker towards the end of the voluntary act. This form of involuntary movement, we know now, results from affection of the cerebello-rubro-thalamo-cortical path. Injury to this path allows involuntary movements to occur by removing the steadying influence which it normally exerts upon the Betz cells in the motor area. If this influence be removed, steady innervation of the anterior horn cells is impaired, and the more the pyramidal path is innervated, the more obvious does the tremor become. Involvement of the cerebello-rubro-thalamo-cortical path The Histology of Disseminated Sclerosis 341 may occur, thus, at many different levels, and any of these lesions may result in this volitionary tremor. I hat this path is specially liable to be affected is well seen in these cases here described, as in most of them patches were found at many different levels. They occur very frequently in the superior cerebellar peduncles, in the red nucleus, and in the optic thalamus.
The relation of the symptoms to the areas of sclerosis found after death is well seen in Case I. (L. W.). The symptoms in this case began with weakness of the legs, which passed off, recurred, grew rapidly worse, and terminated in a spastic paraplegia, lliis is obviously the clinical manifestation of the dense areas of sclerosis which were found throughout the spinal cord. Ihese were obviously of long duration, and seem to have been the eailiest manifestation of the disease. The patches which weie found in the sacral region were also of an early date, and weie lesponsible for the affection of the sphincters from which she suffeied. The spinal cord lesions in this case were thus veiy extensi\e and appeared at an early stage of the disease.
The next symptom of importance to appear was the volition tremor, with which we associate the patches in the supeiioi cerebellar peduncle, red nucleus, and optic thalamus. These appeared also at a fairly early stage. The nystagmus was also an early symptom, and was undoubtedly associated with the peiiventricular and peri-aqueductal sclerosis, only parts of the oculomotor nucleus being involved. After a short time the symptoms followed each other rapidly.
An extension of the patches in the cervical region caused sudden numbness in the left arm. This was followed by a rapid development of large patches in the pons, one of which, involving the eighth nerve, produced deafness in the right ear, and another, catching the facial nucleus, produced a right facial paralysis.
These patches were found in an early stage and thus appeared late in the course of the disease. An extension still later of a patch involved the sixth nucleus, and led to diplopia from paralysis of the external rectus muscle.
This was soon followed by the medullary patches which involved the twelfth nerve and nucleus, and led to a protrusion of the tongue to one side and slight difficulty in speech and swallowing. Latei the vision suddenly became dim, and next morning she became totally blind. This was obviously the result of the development of patches in the optic tracts and chiasma. Later the areas in the spinal cord became still more extensive, and the effects of a lower neurone lesion became evident, resulting in muscular wasting ancl emaciation.
Description of Plates.
The illustrations are grouped together to follow as closely as possible the different sections of the histological study. Plates I. to VIII. show the general topographical distribution of the areas in myelin sheath stain (the Kulschitzky-Pal modification of Weigert's medullated sheath stain (I. to VII.) and Marchi method (VIII.)). In the remaining illustrations chief stress has been laid upon the evolution of the sclerotic areas and upon the sequence of the changes in the individual tissue elements.
Plates I. and II.?Areas in cerebral hemispheres at different levels. Plates III. and IV.?Areas in the brain stem and optic nerves, eliiasma, and tracts. Plates V. and VI.?Areas in the spinal cord at various levels. Plates VII. and VIII? Special features of cerebral and spinal cord areas. Plates IX. and X.?Evolution of an actual sclerotic area through a stage of fat-granule cell formation ; sections cut in longitudinal and transverse direction of nerve fibres. ment of the dentate nucleus ; the frequent sharp definition of the areas; that several are surrounded by a zone of shadow sclerosis, which has also a sharp outline ; and that nearly all the cranial roots enter into or emerge from demyelinated tissue. Fig. 5 .?Upper medulla continuous with the cerebellum, a entering eighth nerve on each side; b = demyelination of vermis and accompanying nodules; c = involvement of the liilum of the dentate nucleus on both sides. Fig. 0 .?Junction of medulla oblongata and pons. Note the involvement of the fibres of the inferior and middle cerebellar peduncles on both sides, with extension to the centre of the corresponding flocculus. 6 = area in the cerebellar white matter. Fig. 7 .?Junction of pons and mid-brain. a=area in the middle line, which reaches almost to the mesial tillet and cuts across, in sharply defined lines, the intersecting fibres of the raphe and the adjoining fibres on each side. In the immediately adjacent section there was complete retention of the axis cylinders across this demyelinated area. Fig. 8 .?Slightly above (fifty serial sections) Fig. 7 . a=zone of shadow sclerosis around area. Fig. 0 .?Mid-brain, x 25. Notea=involvementofbothred nuclei; b = extension to the substantia nigra and point of emergence of the third nerve on both sides. ? ig. 10.?Mid-brain, x 2. Peri-aqueductal sclerosis with involvement of most of the structure of the tegmentum, the third nuclei, and adjoining parts of both red nuclei (a). 6 = several additional small isolated areas in each red nucleus.
PLATE IV.
Figs, li to 13.?From Weigert serial sections of medulla oblongata, x 2. Fig. 11 .?At level of lower end of inferior olive. Figs. 20 to 29.?Various levels of the spinal cord in one case. X 2. Note the marked involvement of the cervical enlargement and the dorsal cord ; that the areas are frequently sharply defined, often almost completely symmetrical (cf Figs. 20 and 24) ; and that the areas in the lumbar cord are small, isolated, and almost confined to the grey matter. Figs. 30 to 34.?Transverse sections of lumbar and sacral cord. X 2. Note the pericentral sclerosis ; the frequent symmetry present in the small areas, especially in those which involve groups of anterior horn ganglion cells ; and the extensive aliection of the lower sacial segment. PLATE VII.
Fios. 35 to 40.?Areas in cerebral grey matter. Fig. 35 .?x 5. a=two areas involving both internal capsule and globus pallidus; 6=a third area cutting across the internal medullary lamina of the lenticular nucleus and extending into both globus pallidus and putamen. Fig. 30 .?x 13. Area around blood-vessel in the lenticular nucleus. Fig. 37 .?x 0. Convolutions around the calcarine fissure showing a large number of areas. a = small area confined to a medullary ray; 6 = areas involving both medullary ray and the radiations; c=area confined to the deep cortex ; d-extensive demyelination of the superficial cortex. Fig. 38 .?x 0. Convolutions around the opposite calcariac fissure of the same case as Fig. 37 . a = involvement of the optic radiations ; b = of the cortical grey matter. Fig. 44 .?x 30. Margin of cord with pia showing the lateral vessels, with fat-granule cells in their adventitial lymphatic sheaths, passing towards the inner layers of the pia, within which they spread in all directions. Fig. 45 .? x 75. Small " early" area in the central white matterof the brain ; the tissue around the central blood-vessel is permeated with fat-granule cells. Fig. 40 .? x 10. Demyelinated "early " area at the tip of a medullary ray, extending through the radiations almost to the superficial cortex. PLATE IX.
Figs. 47 to 52.?Evolution of an actual sclerotic area, in the posterior columns of tlie spinal cord, through a stage of fat-granule cell formation. Sections are cut in the longitudinal direction of the nerve fibres. ct=glia nuclei; 6=glia fibrils ; c=fat-granule cells; d = persistent axiscylinders; e = blood-vessels ; and g=dense sclerotic tissue.
Fki. 47.?Low-power view of "early" area in stage of so-called "fat-granule cell myelitis." Van Gieson's stain, x 70. 
